Introduction.
Zonal flow (ZF) is found to be a ubiquitous phenomenon in both nature and laboratory [1] .
It plays an important role in showing Jupiter's zonal winds and understanding the solar dynamo mechanism in solar tachocline. In magnetic confinement plasmas, it is widely recognized that ZF is significant for suppressing micro-turbulence and reducing the anomalous transport. ZF has been observed to play a crucial role in triggering L-H transition, especially at marginal input power [2] [3] [4] [5] . Rosenbluth-Hinton (RH) [6] demonstrated that the level of large scale ( residual ZF driven by ion temperature gradient (ITG) turbulence is not damped by collisionless process, but modified by neoclassical polarization shielding. Its extensions to short wavelength electron-temperature-gradient (ETG) turbulence [7, 8] , arbitrary radial wavelengths [9, 10] , shaped tokamak geometry, collisional case [11, 12] and stellarators [13, 14] were reported.
However, all these previous works did not address the effects of non-hydrogenic ions i.e., impurities on residual ZF. Impurities produced mainly from the plasma facing materials interaction or helium ash in deuterium (D)-tritium (T) plasmas may significantly influence the success of fusion through causing energy loss and fuel dilution. But, on the other hand, tokamak experiments have also widely demonstrated the significant improvement of global confinement by injecting impurities [15] . Physical interpretations about the reason why impurities affect the plasma performance are complicated. One possibility is that impurities influence on ZF, and thus the regulation of A being the isotope mass number of main ions. Although some physical mechanisms were proposed to explain the contradiction [20] [21] [22] , the fully understanding is still not achieved yet. Gyrokinetic simulation in Ref. [23] revealed that the thermal diffusivity decreases with the increase of hydrogenic isotope mass in ITG turbulence, which is partly attributed to the linear growth rate decreasing with the increase of hydrogenic isotope mass. In the presence of impurities, this favorable isotopic scaling is also reported in both ITG and trapped electron mode (TEM) turbulence [24] [25] [26] . The effects of impurities on hydrogenic isotope mass dependence of confinement time in saturated Ohmic confinement (SOC) regime in ASDEX were observed [27] . Recently, both gyrokinetic [28, 29] and gyrofluid [30] simulations have investigated the hydrogenic isotope mass dependence of ZF and geodesic acoustic mode (GAM). In Ref. [31] , a stronger intermediate residual ZF level in D plasmas than that in H plasmas was analytically addressed, and possible relevance to the isotopic effects was also discussed. This analytical result was also verified in gyrokinetic simulations [32] . But all these simulation and analytical works on hydrogenic isotope mass dependence of residual ZF did not take impurities into account. Moreover, the mixing ratio of D and T will be changed step by step for D-T operation in ITER according the newest research plan. More fraction of T is favorable for achieving high confinement mode because of lower power threshold in T plasmas, which may be attributed to higher ZF in T plasmas than that in This paper is organized as follows. In section 2, the general expression for arbitrary radial wavelength residual ZF including impurities is presented. In section 3, the effects of various impurities on residual ZF in D-T plasmas are analyzed in detail. Finally, a summary and some discussions are given in section 4.
General expression for residual ZF with impurities.
As pointed out in the original RH residual ZF model [6] , the initial charge density perturbation is accompanied by a potential perturbation because of quasi-neutrality condition
, where e is the elementary charge, 
Here, 0i n is the ion equilibrium density, 
where / i e i TT   . More detailed interpretations can be also found in Ref. [11] . Previous works either focus on ion polarization shielding [6] or include the polarization shielding of electrons [7] [8] [9] [10] as well. But, for plasmas containing impurities, the contribution from impurities to the polarization shielding should be also included. Therefore, the general expression for residual ZF with impurities is given by 
Here, processes. The general neoclassical polarization which was used only for electrons and ions in previous work can be also applicable to impurities.
Effects of various impurities on residual ZF in D-T plasmas.
In this part, we investigate how various impurities affect the residual ZF in D-T plasmas.
We use the following typical parameters: q=1.4, =0.2. The isotopic fueling ratios
are 50%+50% in section 3.1, and they are 
Residual ZF in 50%+50% D-T plasmas with various impurities
In this subsection, we present the effects of various impurities on residual ZF in 50%+50% D-T plasmas, i.e., In short wavelength regime, residual ZF is increased by the presence of impurities as shown in figures 2 and 3. In this region, the residual ZF may be driven by ETG turbulence, where electron polarization shielding should be taken into account. Both impurities and ions can be assumed to be adiabatic, i.e., . In other words, the impurity effects on large scale residual ZF are very weak. This is consistent with Ref. [18] for highly charged impurity. Here, we further point out that the effects of the light non-trace impurities on the large scale residual ZF are also invisible. Table 1 . 
Impurity effects on the effective isotope mass dependence of

